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(54) Multilayer packaging film and process 

(57) The present invention relates to a multilayer 
film for packaging, comprising: 

a. a sealing layer, comprising one or more of the 
following components: a ionomer, a cycioolefin co- 
polymer, a low density polyethylene (LDPE) and a 
I plastomer; 

I b. at least one bulk layer, comprising one or more 
I of the following components: a plastomer, ethylene 
I vinyl acetate (EVA), a cycioolefin copolymer and a 
J polyolefin elastomer; 

lea barrier layer, comprising a vinylidene chloride 
j homopolymer or copolymer and/or an ethylene vi- 
j nyl alcohol polymer (EVOH); 
I d. an abuse layer, comprising one or more of the 
/ following components: a high density polyethylene 
/ (HOPE), a plastomer, a LDPE, a ionomer, a linear 



low density polyethylene (LLDPE) and a cycioolefin 

copolymer. 

provided that at least one of the sealing or bulk layer 
comprises a plastomer and/or a cycioolefin copolymer. 

The present invention also relates to a vacuum skin 
packaging process, especially for the packaging of food 
like processed meats such as bacon and ham, a proc- 
ess for skin packaging employing the films of the present 
invention and packed articles comprising the films of the 
present Invention. 
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Description 

[0001 ] This Invention relates to a multilayer film suitable for pacl<aging food products, especially by a skin packaging 
process, usually a vacuum skin packaging process, especially for the packaging of food like processed meats such 
as bacon and ham, a process for skin packaging employing the films of the present invention and packed articles 
comprising the films of the present invention. Further, the present invention relates to a coextruded film for use in skin 
packaging applications, preferably vacuum skin packaging applications, comprising a cycloolefin copolymer. 
[0002] In methods of skin packaging the packaging material generally comprises a top film (web) and a bottom film, 
which are each sent to the packaging station where they are sealed together to pack the product. The meat or other 
food to be packaged Is placed onto the bottom web before the packaging station. The upper film comprises a film of 
a thennoplastic material, which Is optionally preheated and then fed to the packaging station and over the product on 
the bottom film. There the top film is usually heated and thereby softened by contact with a heated member, for Instance 
the inner surface of a "dome" which Is then lowered over the food on the bottom film. The space between the top and 
bottom webs around the food Is then evacuated and the top film is allowed to come into contact with the bottom film 
and with the food. The top film may be held against the dome for instance by vacuum pressure, which is released when 
it is desired to allow the top film to come into contact with the bottom film. Sealing of the top and bottom films is achieved 
by a combination of heat from the dome and pressure difference between the inside of the package and the outside 
atmosphere and can be aided by mechanical pressure and/or extra heating. Sealing bars may or may not be used. 
The heat that is supplied in the process is merely to allow the web to forni and take up the form of the food product 
being packaged. This very well known process is generally called vacuum skin packaging (VSP). 
[0003] It Is important that films used in the skin packaging process are substantially non-heat shrinkable under tem- 
peratures like 1 80-200°C since, as will be obvious from the foregoing description of the process, a conventional heat 
shrinkable material, which is typically shrinkable by 60 to 80% in each direction, wilt shrink within the "dome" and will 
not be suitable for packaging. Substantially heat-shrinkable means that shrinkage at temperatures of about 1 80-200°C 
should be less than 25% In machine and transverse direction. In a heat shrink packaging process the shrinkable film 
is formed around an article to be packaged while being maintained at a temperature at which it does not shrink. After 
the package is sealed, optionally after being evacuated, the package is immersed in hot water or otherwise heated to 
shrink the film. The heat in the skin packaging process Is in contrast to make the film sufficiently flexible that it confonns 
to the surface of the food when the vacuum is applied. 

[0004] The skin packaging and development of the film and the process are further described in GB 1 307 054 and 
GB 1 404 41 7. In those specifications it is stated that the film used for the packaging may be a multilayer film but there 
is no specific disclosure of any such films. 

[0005] In EP 243 510 there are described improved films for skin packaging in which the bulk layers are replaced 
by ethylene vinyl acetate copolymers, preferably having high vinyl acetate content. The bonding layer can be ionomer. 
[0006] In GB 1 600 250 there are disclosed coextruded structures comprising a sealing layer of ionomer resin and 
In which one of the bulk layers is also fomied of ionomer resin. The film before being stretched has a thickness of about 
eoOmlcrons but Is not used for packaging in this form but is biaxially orientated to produce a film of 1 0 times the area 
having a thickness of around 60 microns. The stretched film is heat-shrlnkable and Is used in heat-shrink packaging 
processes. 

[0007] In US 4 469 742 heat-shrinkable films are described which can have a sealing layer of Ionomer. The structures 
before stretching have a thickness of 250 to 760 microns and after orientation have a Ihtekness of 25 to 1 00 microns. 
The shrink capacity Is about 30 to 55% in each direction at 85 °C. The sealing layer, which can be ionomer has a 
thickness of about 20% of the total laminate thickness, 

[0008] The material used as the top film (web) should also be puncture resistant and highly formable at temperatures 
higher than Its glass point. EP 343877 A2 teaches suitable materials for VSP comprising ionomer in the sealing layer. 
In EP 343 877 A2 a coextruded multilayer transparent thennoplastic film is substantially non-heat shrinkable at a 
temperature of 200 and comprises an inner sealing layer and an outer abuse layer and at least 25% of the thickness 
of the film comprises ionomer, the film being 50 to 250 microns thick. The films of EP 343 877 A2 request the use of 
at least 25% of the thickness of the film being ionomer which Is very expensive and provides difficulties in processability 
because of the very tacky nature of ionomers. 

[0009] In the prior art generally the sealing layer of the film comprises ionomer 

[0010] Furthermore, EP 968 81 7 teaches the use of cycloolefin copolymers forthermoforming applications. According 
also to TOPAS product line brochures (Thermoplastic olefin copolymers of amorphous structure, supplied by TICONA), 
cycloolefin copolymers are efficiently thermoformable due to their amorphous structure. Special attention is also given 
to the extremely low vapor penetration of cycloolefin copolymer films, which is generally desired in food packaging. 
[0011] It Is an object of the present invention to provide a multilayer film suitable for packaging, in particular skin 
packaging, with good mechanical properties, tensile properties low gas transmission and low heat shrinkabillty. 
[0012] This object Is solved by a multilayer film for packaging, comprising: 
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a. a sealing layer, comprising one or more of the following components: a ionomer, a cycloolefin copolymer, a low 
density polyethylene (LDPE) and a plastomer; 

b. at least one bulk layer, comprising one or more of the following components: a plastomer, ethylene vinyl acetate 
(EVA), a cycloolefin copolymer and a polyolefin elastomer; 

c. a barrier layer, comprising a vinylldene chloride homopolymer or copolymer and/or an ethylene vinyl alcohol 
polymer (EVOH); 

d. an abuse layer, comprising one or more of the following components: a high density polyethylene (HOPE), a 
plastomer, a LDPE, a ionomer, a linear low density polyethylene (LLDPE) and a cycloolefin copolymer. 

provided that at least one of the sealing or bulk layer comprises a plastomer and/or a cycloolefin copolymer 
[0013] The present invention further comprises the use of a multilayer film according to the present invention for skin 
packaging, preferably vacuum skin packaging of articles. Further, the present Invention comprises a process for skin 
packaging an article, comprising: 

a. placing the article on a support backing; 

b. heating a top multilayer film according to the present Invention to above the glass transition temperature of the 
components of the films; 

c. applying the heated film over the article on the support backing; and 

d. evacuating the space between the top multilayer film and the support backing to draw the film into sealing 
engagement with the support backing. 

[0014] The present Invention also comprises a packed article comprising a multilayer film according to the present 

Invention. 

[001 5] The present invention further comprises a coextruded film for use in skin packaging applkiations, preferably 
vacuum skin packaging applications, comprising a cycloolefin copolymer. 

Detailed description 

[0016] It has been found that films according to the present invention comprising plastomers and or cycloolefin co- 
polymers in at least the sealing layer or bulk layer solve the above mentioned problems, have good thermoformability, 
high puncture resistance, a very high water vapor barrier, in particular when the film comprises a cycloolefin copolymer 
and veiy good processability at low costs. Further, the films have low heat shrinkability after irradiation which makes 
them particularly suitable for vacuum skin packaging applications. In one prefen-ed embodiment, the films of the present 
invention do not contain ionomers. 

[0017] The terms LDPE, HDPE, LLDPE, VLDPE, ULDPE, cycloolefin copolymers, plastomers, polyolefin elastomers 
and ionomers are known to the skilled person and are used In the present invention with their common meaning in the 
art: 

LDPE is low density polyethylene specified in the art by densities of 0.915 - 0.940 g/ml. It is a highly branched 
polyethylene homopolymer typically produced by high pressure polymerization in tubular or autoclave reactors. 

HDPE(Hlgh density polyethylene) is a semicrystalline polyethylene homopolymer having a density of 0.941 g/ml 
or greater, with a typical upper limit of 0.965. It can be produced by various processes like low pressure polymer- 
ization or using single site metallocene catalysts. 

LLDPE (Linear low density polyethylene) are copolymers of ethylene and one or more alpha olefins, the alpha 
olefins typically having 3 to 20 , preferably 3-10 cariDon atoms, e.g. 1 -butene, 1 -pentene, 1 -hexene and/or 1 -oc- 
tene, with a density of about 0.915 to 0.940 g/ml. The molecular structure of conventional LLDPE is characterized 
by a linearpolymerbackbone with little or no long chain branching but with someshortchain branching. Metallocene 
LLDPE products are included by the term in the present invention. 

VLDPE(Very low density polyethylene) Is a copolymer of ethylene and one or more alpha olefins the alpha olefins 
typically having 3 to 20, preferably 3-10 carbon atoms, e.g. 1 -butene, 1 -pentene, 1 -hexene and/or 1 -octene, with 
a density lower than 0,91 5 g/ml. For VLDPEs with density less than about 0.905, the term ULDPE (Ultra low density 

polyethylene) is also used. 

[0018] By plastomers we specify ethylene and alpha olefin copolymers, the alpha olefins typically having 3 to 20 , 
preferably 3 - lOcariDon atoms, e.g. 1 -butene, 1 -pentene, 1 -hexene and/or 1-octene, with a density less than 0.915 g/ 
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ml and typically more than 0.860 g/ml, preferably produced by a special metallocene or single site catalyst process. 
For a detailed discussion on the differences between ethylene-alpha olefin copolymer plastomers according to the 
present invention and other polymers like VLDPE and LLDPE, which are also alpha-olefin copolymers, it is referred to 
US Patent No. 6.283,128. 

[0019] By polyolefin elastomers we mean two-component elastomer systems consisting of an elastomer (such as 
EPDIVI, i.e. ethylene-propylene-dlene terpolymer) dispersed in a thermoplastic polyolefin (e.g. polyethylene, polypro- 
pylene). Furthemiore, we include in this category metallocene-based ethylene copolymers with elastomeric properties 
like the product ENGAGE by DupontDow. 

[0020] lonomers are thermoplastic copolymers of ethylene with carboxy group containg monomers such as meth- 
l — acrylic or acrylic acid and then partially neutralized with a metal ion. 

[0021] By cycloolefin copolymers we mean copolymers of cyclic olefins and alpha olefins, preferably ethylene, as 
described In the patents US 5,21 8,049, US 5,854, 349, US 5,863.986, US 5,795,945, US 5,792,824, EP 0291208, EP 
0283164, EP 0497567. Suitable cycloolefins for copolymerisation are monocyclic or multicyclic, preferably bicyclic 
cyclooleflns, in which the rings preferably have 3 to 6 ring members. In multicyclic cycloolefins, preferably only one 
ring Is a cyclooleflnic ring whereas the other rings are cycloalkyi rings. The cycloolefin or cyclooleflnic part of the 
multicycled cycloolefin is preferably a cycio pentene or cyclohexene ring. Most preferably, the cycloolefin is norbomene. 
The alpha olefin may have from 2 to 20 carbon atoms or more, but ethylene and/or propylene are preferred. Preferred 
cyclic olefin copolymers are ethylene-norbornene copolymers marketed by TICONA under the name TOPAS. 
. — [0022] The packaging film of the present invention comprises several types of layers with different composition and/ 
or function. 

[0023] The bulk layers contribute to the total strength of the film. The multilayer film for packaging according to the 
present invention comprises at least one bulk layer, comprising one or more of the following components: a plastomer, 
ethylene vinyl acetate (EVA), a cycloolefin copolymer and a polyolefin elastomer. With "plastomers", polyolefin plas- 
tomers are meant for the purpose of the present invention. It is preferred that the bulk layer comprises said components 
as major component(s) or consists of said component(s). "As major components" means in the present invention that 
essentially no other components are present, except minor amounts of common additives or occasional impurities. 
[0024] In one preferred embodiment the bulk layer(s) comprise(s) as the polymers a blend of a plastomer with eth- 
yiene-alkylacrylate copolymers, preferably having an alkyi moiety with 1 to 8 C atoms. Preferred ethylene-alkylacrylate 
copolymers are ethylene-methylacrylate (EMA), ethylene-ethylacrylate (EEA) and/or ethylene-butylacrylate (EBA). In 
a preferred embodiment the bulk layer comprises as polymers a blend of a plastomer with EMA. 
[0025] In a preferred embodiment, the bulk layer comprises a blend of a plastomer with ethylene-alkylacrylate co- 
polymers wherein the alkyI moiety has 1 to 8 C atoms, with polyethylene (PE) and/or with ethylene vinyl acetate (EVA). 
The term polyethylene comprises LDPE, HOPE, LLDPE, VLDPE, ULDPE, but LDPE is a preferred PE. The HOPE 
and/or LDPE are preferably made by the high pressure process. The Ziegler-Natta or the single-catalyst process are 
also suitable. 

[0026] In a further preferred embodiment the bulk layer(s) comprise(s) as the polymer(s) a cycloolefin copolymer, a 
blend of a cycloolefin copolymer with LLDPE, a blend of cycloolefin copolymer with VLDPE or a blend of a cycloolefin 
copolymer with polyolefin elastomers. 

[0027] The bulk layer(s) add strength and the ability to elongate when heated. The bulk layer(s) according to the 
present invention provlde(s) toughness and heat resistance to withstand the temperature and forces imposed during 
the vacuum forming operation. The bulk layer Is located between the sealing layer and the outer abuse layer on one 
or on both sides of any barrier layer. It Is preferred that the multilayer film according to the present invention comprises 
two bulk layers, one on each side of the barrier layer, wherein the first bulk layer may be the same or different from 
the second bulk layer. 

[0028] It is prefen-ed that the bulk layer(s) comprise(s) a blend of a plastomer and EVA. The plastomer in the bulk 
layer is preferably an ethylene alpha-olefin copolymer, more preferably a metallocene single-site catalysed ethylene 
alpha-olefin copolymer. For a detailed discussion on the differences between ethylene alpha-olefin copolymer plas- 
tomers according to the present invention and other polymers like VLDPE and LLDPE, which are also ethylene alpha- 
olefin copolymers, it is referred to US patent No. 5,283,128. 

[0029] As regards the proportion of the components in the bulk layer(s), the plastomer is present In the bulk layer 
preferably in an amount of 50-100 weight percent, preferably about 60-90 weight percent, most preferably about 75 
weight percent, i.e. about 72 - BO weight percent. The balance are preferably ethylene-alkylacrylate copolymers wherein 
the alkyI moiety has 1 to 8 C atoms, polyethylene (PE) and/or ethylene vinyl acetate (EVA). Optionally common film 
additives may be present in the bulk layer as well. 

[0030] It Is prefen-ed that, when EVA is present in the bulk layer in blend with the plastomer, the EVA is present in 
an amount of more than 0 weight percent, e.g. 0. 1 weight percent to 50 weight percent, preferably 1 0-40 weight percent, 
more preferably 20-30 weight percent most preferably about 25 weight percent. The EVA used in the bulk layer has 
preferably a vinyl acetate content of 2-35 weight percent, also preferred 25-28 weight percent or 9-1 8 percent by weight. 
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[0031] In another preferred embodiment of the present Invention, the bulk layer is entirely composed of EVA (1 00% 
EVA). 

[0032] The sealing layer has the function of sealing to the support backing, base or bottom web material in the sl<in 
packaging process and make a leak proof seal, tonomers have been commonly used in the sealing layer and the 
sealing layer according to the present invention may comprise a ionomer, a cycloolefin copolymer, a low density pol- 
yethylene (LDPE) and/or a plastomer. It Is preferred that the sealing layer comprises said components as major com- 
ponent(s) or consists of said component(s). 

[0033] A sealing layer comprising a blend of LDPE and a plastomer as main components was found to be preferred 
according to the present invention. The plastomer comprised In the sealing layer is preferably an ethylene alpha-olefin 
copolymer. The plastomers are preferably made with metallocene single-site catalyst systems ("metallocene single- 
site catalysed ethylene alpha-olefin copolymers"). The LDPE may be made by the high pressure process or the Zle- 
gler-Natta or the single site catalyst process, but single site catalysed LDPE or HDPE are preferred. By using a blend 
. — Qf LDPE and plastomer in the sealing layer or as the sealing layer the comparably expensive ionomers can be reduced 
or avoided without a negative effect on the film properties. 

[0034] Also, films comprising a cycloolefin copolymer in the sealing layer or films comprising a blend of plastomer 
and a cycloolefin copolymer have been found to be particularly preferred. Such films have high puncture resistance 
values and good tensile strength values. They also considerably reduce the costs compared with lonpmer comprising 
^ films of the prior art. 

[0035] In the sealing layer, the plastomer is preferably present in an amount of 10-80 percent by weight, preferably 
20-40 percent by weight. The balance is preferably LDPE and optionally common film additives. 
[0036] It was found that by the use of the materials or blends of materials of the bulk layer and sealing layer, in 
particular if a blend of LDPE and a plastomer is used for the sealing layer and a blend of a plastomer and EVA Is used 
for the bulk layer, low heat shrinkability is achieved. In general, plastomers, when made in the blown film process do 
not have high shrinkability. The heat shrinkability can according to the present invention further be reduced by irradiation 
of the film. Irradiation of the film not only reduces the film shrink, but also bonds the Individual layers more tightly and 
thus increases the melt strength of the film. Cycloolefinic copolymers in the sealing and/or bulk layers provide very 
high water vapor barrier properties which makes them particularly suitable for the skin packaging of food. Also, use of 
cycloolefin copolymers unexpectedly reduces the shrink of the film after Irradiation. A suitable cycloolefin copolymer 
for the present invention is TOPAS 8007 (from TICONA; density 1.02 g/cc, MVR 2 according to ISO 1133). 
[0037] A suitable LDPE according to the present Invention is LACQTENE 1008 FE24 (from ATOFINA; density 0.924 
g/cc, melt flow index (MFl) 0.8 (190*'C/2.16)). 

[0038] A suitable LLDPE according to the present Invention is DOWLEX 5056 (from DOW; ethylene-octene copol- 
ymer, density 0.919 g/cc, MFl 1 (190°C/2.16)): 

[0039] A suitable polyolefin plastomer according to the present invention is AFFINITY EG81 00 (from DOW; density 
0.870 g/cc, MFl 1 (190*^0/2.16). Another suitable plastomer according to the present invention is AFFINITY PL 1880 
(from DOW; ethylene octene copolymer, density 0.902 g/cc, MFl 1 (190°C/2.16)). 

[0040] Further suitable representatives for components of the present invention are given in the examples. 
[0041] The multilayer film for packaging according to the present invention also comprises or consists of a barrier 
layer comprising a vinylidene chloride homopolymer or copolymer such as polyvlnyllden chloride (PVDC) and/or an 
ethylene vinyl alcohol polymer (EVOH). It is preferred that the barrier layer is EVOH. EVOH is a very good ban-ier 
against oxygen. The barrier layer is preferably an EVOH layer with 28-50 weight percent of ethylene, preferably about 
38 percent by weight of ethylene. The EVOH in the barrier layer is preferably hydrolized to a degree of at least 50%. 
The barrier layer prevents the egress and, more importantly, the Ingress of gases, such as oxygen that could otherwise 
damage the content of the packaged article by allowing oxidation. The bamer layer can comprise a vinylidene chlorine 
homopolymer or copolymer, although it Is preferred for the barrier layer to comprise an ethylene-vlnyl alcohol polymer 
(EVOH) or consist of EVOH, in particular when the film is irradiated during production. The EVOH polymer can be one 
of those conventionally used as a barrier layer in multilayer films. When the barrier layer is EVOH, its glass transition 
temperature is usually the highest of the film components and thus detemnines the minimum temperature to which the 
film should be heated to render it flexible during the skin packaging operation. The barrier layer is made of materials 
with low oxygen transmission, thus protecting the packed product from spoilage. 

[0042] The multilyer films of the present invention may further comprise adhesive layers (tie layers). EVOH does not 
adhere well to other polymers. Therefore, adhesive layers (tie layers) are preferably used in combination with EVOH 
layers to bond the EVOH to the other layers. The tie materials are preferably chemically modified to improve the ad- 
hesion to EVOH. The multilayer film according to the present invention comprises preferably at least one adhesive 
layer in contact with the ban-ier layer. More preferably, the multilayer film of the present invention comprises two ad- 
hesive layers on both sides of and in contact with the barrier layer. The material used for the adhesive layer can be 
any of those known to be useful in adhering adjacent layers of coextruded films. Suitable adhesive materials are sold 
under the tradename Modic made by Mitsubishi. Preferred materials for the adhesive layer(s) are acidly modified 
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ethylene-acryllc add copolymers (EAA) acidly modified ethylene-ethyl acrylate copolymer(EEA), acidly modified 
VLDPE, acidly modified LLDPE, acidly modified polypropylene, acidly modified lonomer resins, ethylene vinyl acetate 
copolymers (EVA) and/or thermoplastic polyurethane elastomers. Adhesive or tie layers are generally used to aid 
adhesion of adjacent components. The adhesive layers can be of particular importance for adhering barrier layers to 
adjacent layers. In order to impart adhesion property to the barrier layer an adhesive layer is preferably provided 
between the barrier layer and the bulk layers. It is preferred that the tie layers comprise the above mentioned compo- 
nents as major componenl(s) or consist of said component{s). 

[0043] Acids which may preferably used for acid modification include maleic acid, itaconic acid and anhydrides there- 
of, acrylic acid and/or methacryllc acid. Maleic acid modified LLDPE Is particularly preferred according to the present 
invention. 

[0044] An example for a suitable tie layer polymer according to the present invention is MODIC M533 (from MIT- 
SUBISHI; anhydrite modified LL-based tie resin (adhesive), density 0.92 g/cc, MFI 2.5 (190^C/2.16). 
[0045] The multilayer films suitable for packaging according to the present Invention also comprise an abuse layer, 
comprising one or more of the following components: a high density polyethylene (HOPE), a plastomer, a LDPE, a 
ionomer, a linear low density polyethylene (LLDPE) and a cycloolefin copolymer. Generally, the abuse layer is usually 
a higher melting point stiffer material that has high gloss to enhance the appearance of the final package. It Is prefered 
that the above layer comprises said components as major component(s) or consists of said component(s). 
[0046] Applicant has discovered that a blend of LDPE and HOPE is particularly preferred for the abuse layer The 
HOPE and/or LDPE are preferably made by the high pressure process. The Ziegler-Natta or the single site-catalyst 
process are also suitable. 

[0047] Also preferred Is an abuse layer comprising as the main polymer components LLDPE or a blend of LLDPE 
with a cycloolefin copolymer. 

The abuse layer comprises preferably 20-75 weight percent of LDPE, preferably 30-60 weight percent and 25-80 weight 
percent of HOPE, preferably 40-70 weight percent of HDPE. 

[0048] It is particularly preferred that the multilayer film according to the present invention has the following sequential 
order of layers: sealing layer/bulk layer/adhesive layer/barrier layer/adhesive layer/bulk layer/abuse layer. However, 
films with different structures and other numbers of layers are also comprised by the present invention. 
[0049] The film of the Invention is preferably substantially non heat shrinkable at a temperature of 200° C and pref- 
erably should be substantially non-heat-shrinkable at a temperature of BS"* C or 100° C or more, for Instance 130° C. 
By substantially non-heat shrinkable we mean that when the film is heated to the specified temperature It shrinks by 
an amount of less than 30% preferably less than 25% of Its dimension in each direction. The film can also be described 
as substantially non-oriented or as substantially dimensionally stable at the above specified temperatures. The tem- 
perature of 200° C is chosen for the assessment of heat shrinkabitity as that is the temperature of which the film is 
heated In the conventional skin packaging apparatus to render the film flexible during the packaging operation, although 
sometimes the film can be heated to even higher temperatures, for Instance around 250° C. 
[0050] The film is preferably 50-250 microns (jim) thick. Thinner films are generally Insufficiently resistant to damage 
during packaging of bone-in meat cuts, it is unnecessary and expensive to use films thicker than 250 microns and In 
some instances such films can have worse abuse resistant properties than thinner films. Preferably the film is in the 
range 75 to 200 microns thick, more preferably 90 to 130 or 90 to 150 microns thick. 

[0051] The abuse layer may preferably comprise about 3-25%, more preferably 1 0-20%, of the total thickness of the 
film for Instance being 5 to 25, usually 15 to 20 microns thick. 

The sealing layer may preferably comprise 10 to 35% of the total thickness, more preferred 15-30%. 

[0052] The barrier layer has preferably a thickness of 2-20% of the total film thickness, preferably in the range of 

4-15%. 

[0053] The relative thickness of the adhesive layers Is preferably 3-10% of the total thickness of the multilayer film, 
more preferably 4-8%. The adhesive layers are generally at least 2 microns and up to 1 0 microns thick, best adhesion 
being achieved with about 3 to 8 microns thickness. 

[0054] Bulk layers preferably comprise 20-50% of the total thickness of the film, preferably 30-50% or more preferably 
40-50% of the total thickness of the film. The bulk material is preferably provided on both sides of any barrier layer 
[0055] The films of the invention may preferably also include various additives that are commonly added to polymeric 
films in one or more layers. One such additive that is contemplated in the films of the invention Is a slip agent to improve 
handling on the packaging machine. Other suitable additives are processing acids, antifog agents, cling agents, anti- 
blocking agents, pigments, antioxidants, UV absorbers and mixtures thereof. Preferably, said additives are present in 
the multilayer film in an amount of less than 10 weight percent of the total film weight. 

[0056] The film is preferably made by a conventional coextrusion process, usjng a suitable die, and may be extruded 
as a tube from a die having sufficient flow passages for all of the components, 

[0057] Preferably the film according to the present invention, either in whole or In part, is irradiated for instance with 
ionizing radiation of about 2 to 20 MRad, preferably 5 to 16 MRad. The irradiation results in cross-linking of the com- 
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ponents of the films, this resulting in improved strength and improved fonnability, as well as better adhesion between 
layers. The irradiation also reduces the film shrinl< properties making the films even more suitable for VSP applications. 
This for example may be accomplished by irradiation using e.g. any electron beam generator operating In a range of 
about 1 50 kilovolts to about 6 megavolts with a power output capable of supplying the desired dosage. Many devices 
for irradiating films are known to those of skill in the art. 

[0058] The process for skin packaging an article comprises placing the article on a support backing, heating a top 
thermoplastic film web to above the glass transition temperature of the components of the film, applying the heated 
film over the article on the support backing, and applying a differential pressure across the film to draw the film into 
sealing engagement with the support backing. The support backing may be in the fomi of a bottom web or film or may 
additionally comprise a bottom web or film with which the multilayer film of the present Invention is sealed during the 
packaging process. 

[0059] The process is particularly suitable for packaging food, in particular processed meat products, such as sliced 
bacon and ham and/or meat comprising bones. 

[0060] The film is preferably a new film as described above, the film being arranged so that the bonding (sealing) 
layer Is placed in contact with the artk^le and the abuse layer Is outennost. 

[0061] The present Invention is further described by the following examples which are not meant to restrict the pro- 
tective scope of the present invention which Is defined by the claims. 

Examples 

[0062] The Tables 1 , 2 and 3 show the film structures, physical properties and the polymers employed of four exam- 
ples of the inventive films. All the films were irradiated to 5,8, and 10 MRads to improve the film properties and to 
reduce the film shrinkage. 

[0063] All the examples have a sealing layer that is a blend of a plastomer and LDPE, a barrier layer of EVOH, with 
adhesive layers on each side of the barrier layer, and an abuse layer that is a blend of LDPE and HOPE. The bulk 
layers In each example are different, with example 1 having bulk layers of a blend of a first plastomer and LDPE, 
example 2 bulk layers of a blend of a second plastomer and LDPE, example 3 bulk layers of a blend of a second 
plastomer and a EVA, and example 4 bulk layers of a blend of a second plastomer and EM A. Example 5 Is a film with 
bulk layers of 100% EVA. Further details on the film composition are described below and in Table 1. 
[0064] Table 1 defines the thickness and composition of the individual layers. 
[0065] Table 2 defines the polymers used. 

[0066] Table 3 shows the physical properties measured for each of the Inventive films compared to a commercial 
film. All the physical properties compare favorably with the commercial film and the film of example 1 was successfully 
tested on commercial vacuum skin packaging machine. 

[0067] Experimental results of the examples are based on tests according to the following test methods unless noted 
otherwise. 

Tensile Strength: ASTM D-882, method A 

% Elongation: ASTM D-882. method A 

[0068] MD refers to properties measured in the machine direction of the film, TD are the properties measured in the 
transverse direction. 

Oxygen Gas Transmission Rate (02-Tran): ASTM D-3985-81 at 23°C and 75% relative humidity 

Water Vapor Transmission Rate (WVTR): ASTM F-1 249-90 at 38^C and 90% relative humidity. 

Shrinkage: Shrinkage values are obtained by measuring the shrink of the film after Immersion in glycerin at 1 80°C 
for 1 minute. The shrinkage is measured In both the MD and TD direction. 
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Table 1 

Formulations and Structure of the Test Films 



Example 


Seal A 




Bulk B 


Adh.C 


Barrier D 


Adh.E 


Bulk F 


Abuse F 






u 




u 




u 




u 




U 




U 




u 


1 


PI 
30% 
PEl 
70% 


25 


PE 1 
26% 

P9 

74% 


14 


Al 


4 


B 1 


8 


A 1 


4 


PE 1 

26% 

P2 

74% 


25 


PEl 

50% 
PE2 
30% 


20 


2 


PI 
30% 
PEl 
70% 


25 


PE 1 
26% 
P3 
74% 


14 


Al 


4 


B 1 


S 


Al 


4 


PE 1 
26% 
P3 
74% 


25 


PEl 
50% 

50% 


20 


3 


PI 
30% 
PEl 
70% 


25 


El 
26% 
P3 
74% 


14 


Al 


4 


Bl 


s 


Al 


4 


El 
26% 
P3 
74% 


25 


PEl 

50% 
PE2 
50% 


20 


4 


PI 
30% 
PEl 
70% 


25 


EMI 
26% 
P3 
74% 


14 


Al 


4 


B 1 


8 


A 1 


4 


EMI 

26% 

P3 

74% 


25 


PEl 
50% 
PE2 
50% 


20 


5 


PI 
30% 
PEl 
70% 


25 


E2 


14 


Al 


4 


B 1 


8 


Al 


4 


E2 


25 


PEl 
50% 
PE2 
50% 


20 



Ex. 


Seal A 




BuIkB 


BulkC 


AdhD 


Barrier £ 


AdhF 


BulkG 


BulkH 


Abuse I 






u 








u 




U 




u 




U 








U 




u 


Comp. 
Film 


PE3 


6 


Yl 


16 


Y2 


14 


Tie 


4 


EVOH 


8 


Tie 


4 


X2 


10 


XI 


24 


PE4 


9 



u is the thickness in microns (pm) 



[0069] The competitive film has 9 layers by analysis with a microscope. The film has been irradiated and the individual 
layers cannot be separated. As determined by IR spectography the composition of the film Is: 

PES: LDPE 

Y1 . Y2, X1 and X2 all contain EVA with 1 8% VA and/or other polymers 
PE 4: HOPE and LDPE 

[0070] Other polymers may be blended in the layers but they could not be defined. 



Table 2 



Polymer P 


ropertles 




Type 


Description 


Manufacturer 


Melt Index g/ 
10min 


Density g/ 


Melting Point 


VIcat Soft C 


E1 


EVA 


Atofina 
Evatane 2805 
28% VA 


7.0 


0.95 


72 


41 



8 
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Table 2 (continued) 





Polymer Properties 


5 


Type 


Description 


Manufacturer 


IMelt index g/ 
10mln 


Density g/ 


iMelting Point 

op 


Vicat Soft C 




E2 


EVA 


Dupont 
ELVAX3190 

25% VA 


2 


0.95 - 


77 


52 


10 


EM1 




Atofina 
29MA03 


2-3.5 




7A 


O/ 




P1 


Plastomer 


Dow AfflnitvPL 
1880 


1 n 




1 uu 


Of 


15 


P2 


Plastomer 


Dow EG 8100 


1 .0 


u.o/ u 




AO 




P3 


Plastomer 


Dow Affinity 
VP 8770 


1.0 


0.885 


74 


57 


20 


A1 


Adhesive 


iVIItsubishI 
IVIodicM533 


2.5 


0.92 


123 


93 




PE 1 


LDPE 


Atofina 1008 

FE 24 


0.8 


0.924 




100 


25 


PE2 


HDPE 


Borealis FL 
5580 


1.2 


0.958 






30 
35 


B1 


EVOH 


Nippon Gohsel 
Soarnol ET 
3803 38% 

ethylene 


3.2 


1.17 


173 




E1 IS an ethylene vinyl acetate copolymer with a vinyl acetate content of 28%. 
E2 Is an ethylene vinyl acetate copolymer with a vinyl acetate content of 25%. 

EM1 are ethylene-alkylacrylate copolymers wherein the alkyi moiety has 1 to 8 C atoms, in particular ethylene- 
methylacrylate (ElVIA), ethylene-ethylacrylate (EEA) and ethylene-butylacrylate (EBA). EMA was used in the exam- 
ples. 



[0071] P1 , P2 and P3 are ethylene alpha-olefin copolymers manufactured with elastomeric properties and are often 
refen^ed to as "ethylene alpha-olefin plastomers" The plastomers used In the examples are made with metallocene 
single-site catalyst systems. 

40 [0072] A1 : In order to Impart adhesion property to the barrier layer adhesive layers are provided between the barrier 

layer and the bulk layers. In the examples a maleic acid modified LLDPE was used. 

[0073] PE1 is a typical low density polyethylene made by the high pressure process and was used in the examples. 
Low density polyethylenes made by the Ziegler-Natta or the single-catalyst process could also be used. 
[0074] PE2 is a typical high density polyethylene made by the high pressure process and was used In the examples. 
^5 High density polyethylenes made by the Ziegler-Natta. or the single-catalyst process could also be used. - 

[0075] 81 is an EVOH polymer that comprises hydrolyzed ethylene vinyl acetate copolymer, preferably hydrolyzed 
to a degree of at least 50. The mole% of vinyl acetate in the examples is 62%. 
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[0076] 2. In order to demonstrate further the advantages of cycloolefin copolymer containing films of the present 
invention, the physical properties of the film B (cycloolefin copolymer containing) were compared with those of film A, 
which does not contain cycloolefin copolymers. Film A has been tested successfully as a VSP forming film. 
An increase in tensile strength and puncture resistance due to the presence of the cycloolefin copolymer (TOPAS 
8007) was observed in film B. 

[0077] Much better puncture resistance results are expected if cycloolefin copolymers are used in the sealing layer 
of the film. 



Table 4: 



Composition of Films A and B 




FILM A 


FILMB 


Abuse layer 29 microns 


80% 5056 + 20% 1008 


80% 5056 + 20% 1008 


Bulk layer 32 microns 


74% EG81 00 + 26% 1 008 


80% EG 8100 + 20% TOPAS 8007 


Tie layer 5 microns 


M533 


M533 


Barrier layer 8 microns 


EVOH 38% 


EVOH 38% 


Tie layer 5 microns 


M533 


M533 


Bulk layer 18 microns 


74% EG8100 + 26% 1008 


80% EG 8100 + 20% TOPAS 8007 


Sealing layer 34 microns 


70% 1008 + 30% PL 1880 


70% 1008 + 30% PL 1880 



Used Polymers: 

[0078] TOPAS 8007: Cycloolefin thennoplastlc olefin copolymer of amorphous structure from TICONA; density 1 .02 
g/cc, MVR 2 according to ISO 1133. 

LACQTENE 1008 FE24: LDPE from ATOFINA; density 0.924 g/cc, melt flow index (MFI) 0.8 (1 90°C/2.16). 

DOWLEX 5056 (LLDPE from DOW; ethylene-octene copolymer, density 0.919 g/cc, MFI 1 (190*'C/2.16). 

AFFINITY EG8100 (Polyolefin plastomer from DOW; density 0.870 g/cc, MFI 1 (190°C/2.16). 

AFFINITY PL 1880 (Polyolefin plastomer from DOW; ethylene octene copolymer, density 0.902 g/cc MFI 1 (190°C/ 

2.16). 

MODIC M533 (from MITSUBISHI; anhydrite modified LL-basedtle resin (adhesive), density 0.92 g/cc, MFI 2.5 (190°C/ 



Table 5: 



Physical properties of films A and B 


FILM TESTED 


TENSILE STRENGTH 


ELONGATION AT BREAK (%) 


PUNCTURE RESISTANCE 


(Mpa) MD 


TD 


MD 


TD 


FORCE (N) 


ENERGY (mJ) 


A 


19.1 


16.6 


390 


400 


18 


80 


B 


22.9 


20.7 


360 


450 


21 


100 



Claims 

1 . A multilayer film for packaging, comprising: 

a. a sealing layer, comprising one or more of the following components: a ionomer, a cycloolefin copolymer, 
a low density polyethylene (LDPE) and a plastomer; 

b. at least one bulk layer, comprising one or more of the following components: a plastomer, ethylene vinyl 
acetate (EVA), a cycloolefin copolymer and a polyolefin elastomer; 

c. a barrier layer, comprising a vinylidene chloride homopolymer or copolymer and/or an ethylene vinyl alcohol 
polymer (EVOH); 

d. an abuse layer, comprising one or more of the following components: a high density polyethylene (HOPE), 
a plastomer, a LDPE, a ionomer, a linear low density polyethylene (LLDPE) and a cycloolefin copolymer. 
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provided that at least one of the sealing or bulk layer comprises a plastomer and/or a cycloolef in copolymer. 

2. A multilayer film according to claim 1 , 
characterized in that 

said bulk layer(s) comprise(s) a blend of a plastomer and ethylene-alkylacrylate copolymers. 

3. A multilayer film according to claim 1 or 2, 
characterized in that 

said ethylene-alkylacrylate copolymers are ethylene-methylacrylate (EMA), ethylene-ethylacrylate (EEA) and/or 
ethylene-butylacrylate (EBA). 

4. A multilayer film according to one or more of the preceding claims, 
characterized in that 

said bulk layer comprises a blend of a cycoloolefin copolymer with LLDPE, a blend of a cycloolef in copolymer with 
VLDPE or a blend of a cycloolefin copolymer with polyolefin elastomers. 

5. A multilayer film according to claim 1 , 
characterized in that 

said bulk layer comprises a blend of a plastomer and EVA. 

6. A multilayer film according to claim 1 , 
characterized in that 

said bulk layer comprises a blend of a plastomer with ethylene-alkylacrylate copolymers wherein the alkyl moiety 
has 1 to 8 C atoms, a blend of a plastomer with a polyethylene (PE) and/or a blend of a plastomer with ethylene 
vinyl acetate (EVA). 

7. A multilayer film according to one or more of the preceding claims, 
characterized in that 

said multilayer film comprises two bulk layers as defined in claim 1 . one on each side of the barrier layer, wherein 
the first bulk layer may be the same or different from the second bulk layer. 

8. A multilayer film according to one or more of the preceding claims, 
characterized In that 

said plastomer in the bulk layer is an ethylene a-olef in copolymer. 

9. A multilayer film according to one or more of the preceding claims, 
characterized in that 

said plastomer in the bulk layer is a metallocene single site catalyzed ethylene a-olefin copolymer. 

10. A multilayer film according to one or more of the preceding claims, 
characterized in that 

said plastomer is present in the bulk layer in an amount of 50 to 100 wt.-%, preferably 60 to 90 wt.-%, most 
preferably about 75 wt.-%. 

1 1 . A multilayer film according to one or more of the preceding claims, 
characterized in that 

said EVA is present in the bulk layer when blended with the plastomer in an amount of more than 0 wt.-% to 50 
wt.-%, preferably 10-40 wt.-%, most preferably about 25 wt.-%. 

12. A multilayer film according to claim 1 , 
characterized In that 

said bulk layer is entirely comprised of EVA. 

13. A multilayer film according to one or more of the preceding claims, 
characterized in that 

said EVA In the bulk layer has a vinyl acetate content of 2 to 35 wt.-%, preferably 25-28 wt.-% or 9 to 18 % by wt. 

14. A multilayer film according to one or more of the preceding claims, 
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characterized fn that 

said seating layer comprises as polymers a blehd of LDPE and a plastomer. 

15. A multilayer film according to one or more of the preceding claims, 
characterized in that 

said plastomer in the sealing layer is an ethylene a-olefin copolymer. 

16. A multilayer film according to one or more of the preceding claims, 
characterized in that 

said plastomer in the sealing layer Is a metallocene single site catalyzed ethylene a-olefin copolymer. 

17. A multilayer film according to one or more of the preceding claims, 
characterized in that 

said plastomer in the sealing layer is present in an amount of 1 0 to 80 % by wt., preferably 20 to 40 % by wt. 

18. A multilayer film according to claim 1 , 
characterized In that 

said sealing layer comprises as polymer a cyclooiefin copolymer 

19. A multilayer film according to one or more of the preceding claims, 
characterized in that 

said multilayer film comprises at least one adhesive layer In contact with the barrier layer 

20. A multilayer film according to one or more of the preceding claims, 
characterized in that 

said multilayer film comprises two adhesive layers on both sides of and in contact with the barrier layer. 

21 . A multilayer film according to one or more of the preceding claims, 
characterized in that 

said adhesive tayer(s) comprise(s) acidly modified ethylene-acrylic acid copolymers (EAA), acidly modified ethyl- 
ene-ethyl acrylate copolymer (EEA), acidly modified VLDPE, acidly modified LLDPE, acidly modified polypropyl- 
ene, acidly modified ionomer resins, ethylene vinyl acetate copolymers (EVA) and/or thermoplastic polyurethane 
elastomers. 

22. A multilayer film according to one or more of the preceding claims, 
characterized in that 

said abuse layer comprises a blend of LDPE and HOPE. 

23. A multilayer film according to one or more of the preceding claims, 
characterized in that 

said abuse layer comprises 20 - 75 wt.-% of LDPE, preferably 30 - 60 wt.-% and 26 - 80 wl.-% of HOPE, preferably 
40 - 70 wt.-%. 

24. A multilayer film according to one or more of the preceding claims, 
characterized in that 

said abuse layer comprises LLDPE or a blend of LLDPE with a cyclooiefin copolymer. 

25. A multilayer film according to one or more of the preceding claims, 
characterized in that 

said barrier layer is an EVOH layer with 28 to 50 wt,-% of ethylene, preferably about 38 % by wt. of ethylene. 

26. A multilayer film according to one or more of the preceding claims, 
characterized In that 

said EVOH in said barrier layer is hydrolyzed to a degree of at least 50%. 

27. A multilayer film according to one or more of the preceding claims, 
characterized in that 

said multilayer film has the following sequential order of layers: sealing layer/bulk layer/adhesive layer/barrier layer/ 
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adhesive layer/bulk layer/abuse layer 

28. A multilayer film according to one or more of the preceding claims, 
characterized in that 

said multilayer film has a thickness of 50 - 250 \irr\, preferably 75 - 200 ^m, more preferably 90- 150 jim, most 
prefen-ed 90 - 130 jim. 

29. A multilayer film according to one or more of the preceding claims, 
characterized in that 

the thickness of said abuse layer is 3 - 25% of the total thickness of the multilayer film, preferably 1 0 - 20 %. 

30. A multilayer film according to one or more of the preceding claims, 
characterized in that 

the thickness of said sealing layer Is 1 0 - 35% of the total thickness of the multilayer film, preferably 1 5 - 30 %. 

31 . A multilayer film according to one or more of the preceding claims, 
characterized in that 

the thickness of said barrier layer is 2 - 20 % of the total thickness of the multilayer film, preferably 4-15 %. 

32. A multilayer film according to one or more of the preceding claims, 
characterized In that 

the thickness of said adhesive layer is 3 - 1 0 % of the total thickness of the multilayer film, preferably 4- 8 %. 

33. A multilayer film according to one or more of the preceding claims, 
characterized in that 

the thickness of said bulk layer is 20 - 50 % of the total thickness of the multilayer film, preferably 30 - 50 %, more 
preferably 40 - 50 %. 

34. A multilayer film according to one or more of the preceding claims, 

characterized in that one or more layers of said multilayer film comprise common additives, such as slip agents, 
processing aids, antifog agents, cling agents, antiblocking agents, pigments, antioxidants, UV absorbers and mix- 
tures thereof, 

35. A multilayer film according to claim 32, 
characterized in that 

said additives are present in the multilayer film In an amount of less than 1 0 wt.-% of the total film weight. 

36. A multilayer film according to one or more of the preceding claims, 
characterized in that 

said multilayer film is a coextnjded film. 

37. A multilayer film according to one or more of the preceding claims, 
characterized in that 

said multilayer film is irradiated with ionizing radiation of 2 to 20 MRad, preferably 6 to 16 MRad. 

38. Use of a film according to one or more of the preceding claims for skin packaging, preferably vacuum skin packaging 
of articles. 

39. Use according to claim 38 for packaging food. 

40. Use according to claim 39 for packaging meat, processed meat products, such as sliced ham or bacon, sausages, 
meat comprising bones or hamburgers, 

41. Process for skin packagirig an article, comprising: 

a. placing the article on a support backing; 

b. heating a top multilayerfllm according to claim 1 to above the glass transition temperature of the components 
of the film; 
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c. applying the heated film over the article on the support backing; and 

d. evacuating the space between the top multilayer f ilnri and the support backing to draw the film into sealing 
engagement with the support backing. 

42. Packed article comprising a multilayer film according to the present invention. 

43. Coextruded film for use in skin packaging applications, preferably vacuum skin packaging applications, comprising 
a cycloolefin copolymer 
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